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(57) ABSTRACT

A fire seal for use with a gas turbine engine 1s provided. The
fire seal includes a body comprising a first metallic sheet and
a second metallic sheet adjacent thereto, each sheet having
a plurality of segmented fingers, the segmented fingers of the
first metallic sheet and the second metallic sheet overlapped
such that the space between fingers on one sheet does not
overlap the space between the fingers on the other sheet, at
least one finger of the first sheet having at least one first flow
aperture therein and at least one finger of the second sheet
having at least one second flow aperture, the flow aperture
of one sheet overlapping the flow aperture of the other sheet.
A mesh material 1s configured to cover the at least one flow
aperture ol the two sheets, wherein the mesh material 1s
configured to allow the passage of air therethrough.

20 Claims, 5 Drawing Sheets
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FIRE SEAL FOR USE WITH A GAS
TURBINE ENGINE

BACKGROUND

The subject matter disclosed herein generally relates to
seals used 1n conjunction with gas turbine engines and, more
particularly, to fire seals such as turkey feather seals.

Regulatory requirements for modern aircrait require the
containment of a fire within a power plant installation. For
istance, 1f a fire 1s present in the engine compartment
surrounding the gas turbine engine, the structures defining
the engine compartment must meet certain standards related
to flame resistance and fire containment. In order to meet
requirements relating to fire contamnment, fire seals are

typically used between separate adjacent components defin-
ing the engine compartment to seal between them and
prevent the spread of fire. The fire seals resist the flames and
the environment of the fire, and will contain the fire by not
allowing the flames to pass through.

One known fire seal arrangement i1s called a “turkey
teather” fire seal. The turkey feather seal consists of two
adjacent pieces of thin metal, usually having a degree of
flexibility, with segmented fingers that overlap one another.
The segmented fingers help allow the turkey feather fire seal
to compress against a sealing surface. The segmented fingers
also help the seal to bend in multiple planes in order to fit 1t
into a location with complex geometry. Owing to these
advantages, a turkey feather seal 1s often used between thrust
reverser modules that are supported on an aircraft propulsion
system and hinge to an open position. A turkey feather seal
mounted to the thrust reverser module will contact and
compress against a complexly shaped surface on the engine
or other structure when the module 1s hinged closed, and
form an eflective fire seal. The turkey feather seal provides
a solid barrier so that flame cannot pass to downstream
locations.

While the traditional turkey feature seal eflectively pre-
vents the passage of flames and spread of fire, 1t also blocks
airtlow between the two components 1t 1s sealing between.
Air flow 1 an engine compartment 1s used for cooling
purposes. Without air flow through a seal, the air 1 1its
vicinity may not be exchanged as frequently as desired and
may become very hot. High temperatures within an engine
compartment can degrade components and structures. High
temperatures might even degrade a turkey feather seal and
anneal 1t to an extent that it loses 1ts spring and seals less
cllectively.

SUMMARY

According to one embodiment, a fire seal for use with a
gas turbine engine 1s provided. The fire seal includes a body
comprising a first metallic sheet and a second metallic sheet
adjacent thereto, each sheet having a plurality of segmented
fingers, the segmented fingers of the first metallic sheet and
the second metallic sheet overlapped such that the space
between fingers on one sheet does not overlap the space
between the fingers on the other sheet, at least one finger of
the first sheet having at least one first flow aperture therein
and at least one finger of the second sheet having at least one
second flow aperture, the flow aperture of one sheet over-
lapping the tlow aperture of the other sheet. A mesh material
1s configured to cover the at least one flow aperture of the
two sheets, wherein the mesh material 1s configured to allow
the passage of air therethrough.
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According to another embodiment, a fire seal 1s provided.
The fire seal includes a frame formed of a flexible metal, the
frame configured to attach to a first surface and a mesh
material 1s supported by the frame. When the frame 1s
pushed against a second surface, the mesh material 1s
configured to allow the passage of air therethrough and
provide a seal between the first surface and the second
surface.

Technical effects of embodiments of the present disclo-
sure 1clude a a fire seal that 1s configured to enable airtlow
therethrough while preventing flames from passing through
the fire seal. Further technical effects include a fire seal such
as a turkey feather seal that 1s configured to enable airtlow
therethrough while preventing flames from passing through
the turkey feather seal.

The foregoing features and elements may be combined 1n
various combinations without exclusivity, unless expressly
indicated otherwise. These features and elements as well as
the operation thereof will become more apparent 1n light of
the following description and the accompanying drawings. It
should be understood, however, the following description
and drawings are intended to be 1llustrative and explanatory
in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter 1s particularly pomnted out and dis-
tinctly claimed at the conclusion of the specification. The
foregoing and other features, and advantages of the present
disclosure are apparent from the following detailed descrip-
tion taken in conjunction with the accompanying drawings
in which:

FIG. 1 1s a schematic illustration of a portion of a gas
turbine engine that may employ embodiments of the present
disclosure:

FIG. 2A 1s a perspective schematic illustration of a fire
seal 1n accordance with an embodiment of the present
disclosure:

FIG. 2B 1s a side sectional schematic illustration of the
fire seal of FIG. 2A;

FIG. 2C 1s an exploded schematic illustration of the fire
seal of FIG. 2A;

FIG. 3 1s an exploded schematic illustration of an alter-
native embodiment of a fire seal 1n accordance with the
present disclosure;

FIG. 4A 1s a perspective schematic 1illustration of an
alternative embodiment of a fire seal 1n accordance with the
present disclosure; and

FIG. 4B 1s a perspective schematic illustration of an
alternative embodiment of a fire seal 1n accordance with the
present disclosure

DETAILED DESCRIPTION

As shown and described herein, various features of the
disclosure will be presented. Various embodiments may
have the same or similar features and thus the same or
similar features may be labeled with the same reference
numeral, but preceded by a different first number indicating
the figure to which the feature 1s shown. Thus, for example,
clement “a” that 1s shown in FIG. X may be labeled “Xa”
and a similar feature i FIG. Z may be labeled “Za.”
Although similar reference numbers may be used 1n a
generic sense, various embodiments will be described and
various features may include changes, alterations, modifi-
cations, etc. as will be appreciated by those of skill 1n the art,
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whether explicitly described or otherwise would be appre-
ciated by those of skill in the art.

Shown 1 FIG. 1, duct 100 of a gas turbine engine is
shown. The duct 100 may be a c-duct pylon mounted thrust
reverser of a gas turbine engine. The duct 100 may have an
inner fixed structure 102 and define an area 104 therein. The
area 104 may be, in some embodiments, Zone3 ol a gas
turbine engine. In some embodiments, the areca 104 1s a
space between an engine and a thrust reverser. Various edges
of the duct 100 may include elastomeric fire seals 106.
However, certain locations of the duct 100 may reach high
temperatures during operation of the gas turbine engine, and
thus may not be able to employ an elastomeric fire seal, such
as at hot zone 108, and particularly 1n an airflow or axial
direction of the gas turbine engine. Thus, for example, 1n an
upper ait section, downstream of the hot zone 108 (with a
forward direction being to the right in FIG. 1) a turkey
teather seal 110 may be positioned to provide a seal.

The turkey feather seal 110 may basically be formed from
two thin sheets of metal (aluminum, titanium, stainless steel
are among possible materials which could be utilized) with
a degree of flexibility that imnclude segmented overlapping
“fingers” (see, e.g., FIG. 2A). The two sheets of metal are
placed adjacent to one another 1n such a position where the
space or boundary between adjacent fingers on one sheet
does not line up with the space or boundary between
adjacent fingers on the other sheet. The segmented fingers
allow for bending and shaping, as one of the fingers can bend
in multiple planes independently of the others. As described
herein, various non-limiting example configurations of fire
seals 1n accordance with embodiments of the disclosure waill
be described. Those of skill 1in the art will appreciate that the
first seals described herein may be fixed to one of the thrust
reverser or the engine, and compressed or retained therebe-
tween such that the fire seal prevents flames from moving,
from one section of an engine to another.

Turning now to FIGS. 2A-2C, various views of a fire seal
in accordance with an embodiment of the present disclosure
1s shown. FIG. 2A shows a perspective schematic 1llustration
of a fire seal 210. FIG. 2B shows a side sectional schematic
view of the fire seal 210 of FIG. 2A. FIG. 2C shows an
exploded view of the fire seal 210 of FIG. 2A. As will be
appreciated by those of skill 1n the art, the fire seal 210 1s
configured as a turkey feather seal, as described below.

With reference to FIG. 2A, the fire seal 210 forms a seal,
when 1nstalled, that enables airflow therethrough, as 1ndi-
cated by arrows 212, but prevents tlames, or particles, from
passing through the fire seal 210. To enable the airflow
through the fire seal 210, the fire seal 210 includes one or
more tlow apertures 214a. The flow apertures 214a are
configured such that a hole or other opening 1s present 1n the
structure of the fire seal 210. Further, each flow aperture
214a 1s covered with a mesh material 216 that 1s selected of
a material and/or mesh configuration that enables airtlow
therethrough, but prevents flame from pass through the mesh
material 216. In some configurations the mesh maternial 216
may be a metallic screen or metallic gauze.

As shown, the fire seal 210 includes a plurality of fingers
218 on a body thereof. With reference to FIG. 2B, the fire
seal 210 includes a first body or sheet 220 and a second body
or sheet 222 with the mesh material 216 configured and
retained between the first sheet 220 and the second sheet
222. Each of the first sheet 220 and the second sheet 222
may have fingers 218a, 2185b, respectively, and the fingers
218a, 2186 may misalign when the first sheet 220 1s aligned
with the second sheet 222 such that a seal 1s formed, 1.e., a
continuous surface 1s formed by the fingers 218a, 2186 of
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the first sheet 220 and the second sheet 222, as will be
appreciated by those of skill 1n the art. However, as will be
apparent, due to the flow apertures 214a, the surface of the
fire seal 210 1s not completely continuous. Also shown 1n
FIG. 2B, a retainer 224 1s provided to support the first sheet
220, the second sheet 222, and 1n some embodiments, the
mesh material 216. The retainer 224 may also provide
structural support for when the fire seal 210 1s attached to a
portion of the engine, as described above.

With reference to FIG. 2C, an exploded view of the fire
seal 210 of FIG. 2A 1s shown. The first sheet 220 may
include a plurality of fingers 218a and one or more tlow
apertures 214a therein. The second sheet 222 may include a
plurality of fingers 2185 and one or more flow apertures
214bH therein. When the first sheet 220 1s attached to the
second sheet 222, the flow apertures 214a, 2145 of both
bodies 220, 222 are aligned to allow fluid flow therethrough,
and the fingers 218a, 2186 are misaligned to prevent fluid
flow. As shown, the mesh material 216 has the same shape,
geometry, and configuration of the first and second bodies
220, 222. As such, when the first sheet 220 1s connected to
the second sheet 222, the mesh material 216 may cover each
of the flow apertures 214a, 214b. The retainer 224 may be
provided to supply structural support to the fire seal 210.

Turning now to FIG. 3, an alternative configuration of a
fire seal 1n accordance with an embodiment of the present
disclosure 1s shown. Fire seal 310 operates similar to the fire
seals described above, and has a similar configuration as fire
seal 210 of FIGS. 2A-2C.

In FIG. 3, an exploded view of the fire seal 310 1s shown.
The first body 320 may include a plurality of fingers 318a
and one or more flow apertures 314a therein. The second
body 322 may include a plurality of fingers 3185 and one or
more flow apertures 3145 therein. When the first body 320
1s attached to the second body 322, the tflow apertures 314a,
3145 of both bodies 320, 322 are aligned to allow fluid tlow
therethrough, and the fingers 318a, 3185 are misaligned to
prevent fluid tlow.

The primary difference between the embodiment of FIG.
3 and the embodiment of FIGS. 2A-2C 1s the configuration
of the mesh material 316. As shown, the mesh material 316
1s formed from a plurality of segments of mesh matenal,
with each segment having the same shape, geometry, and
configuration of a corresponding section of the first and
second bodies 320, 322. As such, when the first body 320 1s
connected to the second body 322, the segments of the mesh
material 316 may cover each of the tlow apertures 314a,
314b. The retainer 324 may be provided to supply structural
support to the fire seal 310. Although shown with a specific
configuration of the segments of the mesh material 316,
those of skill in the art will appreciate that each segment of
the mesh material may take any shape or geometry such that
it covers the flow apertures of the first and second bodies.
For example, in some embodiments, the segments of mesh
material may be circular screens or gauzes that have a larger
diameter than the diameter of the flow apertures.

In some non-limiting embodiments, in configurations
similar to that shown 1n FIGS. 2A-2C and FIG. 3, one of the
bodies or sheets may be eliminated, such that only one body
or sheet having flow apertures therein and a mesh material
portion configured over or within each of the flow apertures
thereof.

Turning now to FIGS. 4A and 4B, alternative configura-
tions of a fire seal 1n accordance with an embodiment of the
present disclosure 1s shown. In the embodiment of FIG. 4A,
the fire seal 410 does not have separate bodies, as described
above, but rather has a body 420 formed as a hollow frame.
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The tflow aperture 414 1s the entire space within the body
420. As such, the mesh material 416 forms the surface of the
fire seal 410 except for the frame portions of the body 420.
In such an embodiment, the body 420 1s configured to
provide structural rigidity to the mesh material 416. As
shown, the body may be formed as one or more frame
portions that are be configured about the mesh material 416.
In some embodiments, the body may form a complete frame
about an external edge of the mesh material. Further, in some
embodiments, as shown 1n FIG. 4B, cross supports 426 may
extend from one frame portion to another frame portion to
provide additional structural support to the mesh material.

Advantageously, embodiments disclosed herein may
maintain a fire boundary created by a fire seal while per-
mitting air to pass therethrough. The 1induced tlow, 1.e., the
flow through the fire seal, will cool the local area by
permitting stagnant hot air at thus location to escape rear-
ward creating flow and reducing the zone temperature. The
result 1s equipment and structure 1n this area that will operate
at a greatly reduced temperature, and thus extend the life of
the engine and the components thereof.

Further, advantageously, embodiments disclosed herein
are configured to maintain a fire boundary created by the fire
seal, but permit the Zone3 air to exit the thrust reverser at the
location of the fire seal. The air flow that 1s enabled by
embodiments disclosed herein will cool the local area, e.g.,
a hot zone, by permitting usually stagnant hot air at this
location to escape rearward creating air flow and reducing
the zone temperature. The result 1s equipment and structure
in this area that may operate at a greatly reduced tempera-
ture. As such, equipment life may be extended.

Moreover, advantageously, the cooler temperatures
enabled by embodiments disclosed herein offers a potential
to reduce cost and weight of the equipment/engine by the use
of less expensive materials and reduced component thick-
nesses. Further, components residing in this zone may have
better life and operate more efliciently, enabling a more
reliable product.

While the present disclosure has been described 1n detail
in connection with only a limited number of embodiments,
it should be readily understood that the present disclosure 1s
not limited to such disclosed embodiments. Rather, the
present disclosure can be modified to incorporate any num-
ber of variations, alterations, substitutions, combinations,
sub-combinations, or equivalent arrangements not hereto-
fore described, but which are commensurate with the spirit
and scope ol the present disclosure. Additionally, while
vartous embodiments of the present disclosure have been
described, it 1s to be understood that aspects of the present
disclosure may include only some of the described embodi-
ments.

For example, although shown and described with a lim-
ited number of configurations, those of skill in the art will
appreciate that these examples are provided for 1llustrative
and explanatory purposes, and other configurations are con-
templated. For example, as noted, the mesh material may
take various configurations, shapes, and/or geometries. In
some embodiments, the mesh material may be welded or
otherwise aflixed to one or more body sections and/or the
retainer. Further, although shown with a specific number and
shape of flow apertures, those of skill 1n the art waill
appreciate that the flow apertures may take any shape, size,
and/or number, without departing from the scope of the
present disclosure.

Accordingly, the present disclosure 1s not to be seen as
limited by the foregoing description, but 1s only limited by
the scope of the appended claims.
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What 1s claimed 1s:

1. A fire seal for use with a gas turbine engine, the fire seal
comprising;

a first metallic sheet;

a second metallic sheet adjacent the first metallic sheet,
cach sheet having a plurality of segmented fingers, the
segmented fingers of the first metallic sheet and the
second metallic sheet overlapped such that the space

between fingers on one sheet does not overlap the space

between the fingers on the other sheet, at least one

finger of the first sheet having at least one first tlow
aperture therein and at least one finger of the second
sheet having at least one second flow aperture, the tlow
aperture of one sheet overlapping the flow aperture of
the other sheet such that the tlow apertures are aligned
to allow fluud flow therethrough and the fingers are
misaligned to prevent fluid flow through the space
between fingers; and

a mesh material configured to cover the at least one flow
aperture of the two sheets, wherein the mesh material
1s one of a metallic gauze or a metallic screen that 1s
configured to allow the passage of air therethrough
having and a mesh size to prevent fire from passing
through the at least one tlow aperture.

2. The fire seal of claim 1, wherein when the first sheet 1s
attached to the second sheet the mesh material 1s retained
between the first sheet and the second sheet.

3. The fire seal of claim 1, wherein the at least one flow
aperture 1n each sheet comprises a plurality of flow apertures
in each sheet and the mesh material 1s configured to cover
cach of the plurality of flow apertures.

4. The fire seal of claim 3, wherein the mesh material
comprises a plurality of mesh material segments, wherein
cach of the plurality of mesh material segments 1s configured
to cover one of the plurality of tflow apertures.

5. The fire seal of claim 1, wherein the mesh material has
a same shape as the metallic sheets.

6. The fire seal of claim 1, wherein each metallic sheet
defines a frame such that the at least one flow aperture 1s a
space defined within the frame and the frames are configured
to support the mesh material such that the mesh material
covers the entire space defined within the frame.

7. The fire seal of claim 6, further comprising one or more
cross supports extending from one portion of the frame to
another portion of the frame, wherein the cross supports are
configured to provide nigidity to the fire seal.

8. The fire seal of claim 1, further comprising a retainer
configured to provide support to at least one of the first
metallic sheet, the second metallic sheet, and the mesh
materal.

9. A fire seal comprising:

a frame formed of a flexible metal, the frame configured
to attach to a thrust reverser and bend 1n multiple planes
to fit on a surface of the thrust reverser, wherein the
frame includes a plurality of fingers that are separated
and bendable relative to each other such that the frame
can bend and fit to the surface; and

a mesh material supported by the frame, the mesh material
being a metallic screen or metallic gauze selected to
enable airtlow therethrough and prevent passage of a
flame,

wherein the fire seal conforms to the thrust reverser to
provide a seal that prevents the passage of flames
therethrough when engaging with a surface of a gas
turbine engine and allow the passage of air there-

through,




US 9,845,733 B2

7

the frame including at least one tlow aperture wherein air
can pass through the mesh material supported by the
frame and the mesh material having a mesh size to
prevent the passage of fire through the at least one flow
aperture.

10. The fire seal of claim 9, wherein the mesh material
covers a space within the frame and the frame 1s configured
to support the mesh material such that the mesh material
covers the entire space defined within the frame.

11. The fire seal of claim 9, further comprising one or
more cross supports extending from one portion of the frame
to another portion of the frame, wherein the cross supports
are configured to provide rigidity to the mesh matenal.

12. The fire seal of claim 9, further comprising a retainer
configured to provide support to at least one of the frame and
the mesh material.

13. A fire seal for use with a gas turbine engine, the fire
seal comprising:

a first metallic sheet;

a second metallic sheet adjacent the first metallic sheet,

cach sheet having a plurality of segmented fingers, the
segmented fingers of the first metallic sheet and the
second metallic sheet overlapped such that the space
between fingers on one sheet does not overlap the space
between the fingers on the other sheet, at least one
finger of the first sheet having at least one first tlow
aperture therein and at least one finger of the second
sheet having at least one second flow aperture, the flow
aperture of one sheet overlapping the flow aperture of
the other sheet; and
a metal screen or metal gauze configured to cover the at
least one tlow aperture of the two sheets to allow the
passage of air through the metal screen or metal gauze
and prevent fire from passing through the at least one

flow aperture,
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wherein each segmented finger of the first metallic sheet
and the second metallic sheet 1s bendable 1n multiple
planes independently of the other of the segmented
fingers of the same metallic sheet.

14. The fire seal of claim 13, wherein when the first sheet
1s attached to the second sheet the a metal screen or metal
gauze 1s retained between the first sheet and the second
sheet.

15. The fire seal of claim 13, wherein the at least one flow
aperture 1n each sheet comprises a plurality of tflow apertures
in each sheet and the a metal screen or metal gauze 1is
configured to cover each of the plurality of tlow apertures.

16. The fire seal of claim 15, wherein the a metal screen
or metal gauze comprises a plurality of segments, wherein
cach of the plurality of segments 1s configured to cover one
of the plurality of flow apertures.

17. The fire seal of claim 13, wherein the a metal screen
or metal gauze has a same shape as the metallic sheets.

18. The fire seal of claim 13, wherein each metallic sheet
defines a frame such that the at least one flow aperture 1s a
space defined within the frame and the frames are configured
to support the a metal screen or metal gauze such that the a
metal screen or metal gauze covers the entire space defined
within the frame.

19. The fire seal of claim 18, further comprising one or
more cross supports extending from one portion of the frame
to another portion of the frame, wherein the cross supports
are configured to provide rigidity to the fire seal.

20. The fire seal of claim 13, further comprising a retainer
configured to provide support to at least one of the first
metallic sheet, the second metallic sheet, and the a metal
screen or metal gauze.
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